Introduction
Palm oil is an edible plant oil derived from the flesh and kernels of the oil palm fruit, Elaeis guineensis L.
1, 2 . Palm oil has high oxidation stability and good plasticity at room temperature, but it tends to increase off-flavor at the initial stage of oxidation, compared with common oil 3 . Palm oil is widely used as cooking oil, particularly as an ingredient in margarine and shortening. Palm oil is used in frying such as boiled fish paste and croquets, which are consumed soon after frying. It is also used in fried noodles and snacks that are stored for a long time after frying. Palm oil is high in saturated fatty acids 45 such as palmitic acid and relatively a little unsaturated fatty acids 35 oleic acid and 10 , linoleic acid 2, 4 .
Palm oil has high saturated fatty acid content, which could induce obesity, diabetes and coronary diseases, whereas canola oil has a high concentration of monounsaturated fatty acids 58.9 . Thus, canola oil is a focus of attention in the oil industry. Actually, canola oil is considered one of reasons for a low incidence of heart disease in the Mediterranean region 5 . Canola oil has a high content of unsaturated fatty acids, particularly n-3 essential fatty acids 6, 7 . According to the Korean domestic special law
Children s food life safety management , palm oil used in children friendly foods such as instant noodles and French fries should be substituted with other oils 8 10 .
Materials and methods

Materials
Potatoes were purchased from a local market and stored at the laboratory until processing. The potatoes were washed, peeled and cut with a French fry cutter into 1 cm 3 . The potatoes were stored in a solution of NaCl 3 w/w in water to prevent the enzymatic browning reaction 17 . The potato strips were rinsed with cool water and dried with tissue paper to remove the surface solution.
Various edible oils except palm and canola oil were purchased at a commercial market in Korea. Palm and canola oil were donated from Ace Edible oil Co. Seoul, Korea . Phenolphthalein, potassium hydroxide, sodium thiosulfate, and 2, 2, diphenyl-1-picrylhydrazyl were purchased from Aldrich Chemical Co. St. Louis, MO, USA . Various organic solvents such as ether, methanol, and ethanol were purchased from J. T. Baker Chemical Co. Phillipsburg, NJ, USA .
Method
Preparation for frying potatoes
Frying potatoes were prepared by two methods for general potatoes and pre-fried potatoes. Raw potatoes were purchased from a local market in Korea and cut into 1 cm 3 cubic samples and stored in freezer at 18 . Before frying the stored potatoes were thawed for 2 hr at room temperature. Pre-fried potatoes were purchased from a local market in Korea. Frying was carried out using standard recipe 18 : Potatoes 300 g were fried in 1 L of edible oil for 4 min 30 sec at 180 . 2.2.2 Acid values AV and peroxide values POV for lipid oxidation To measure AV, samples were weighed 5 g into a 250 ml flask and then 100 ml ethanol: ether 1:2 was added. Phenolphthalein was added as indicator. Potassium hydroxide 0.1 N solvent was titrated slowly with constant and shaking until the color changed to light red. The POV meq/ kg of oil of each sample was measured by titration with 0.1 N sodium thiosulfate, using starch as indicator 19 .
Analysis of frying oil viscosity
Texture was measured using a Haake Mars Advance Rhometer texture analyzer system Stable Microsystems, London, UK interfaced with a data processor Texture Expert version 1.0 Stable Microsystems 20 .
2.2.4 Analysis of frying oil color and smoke point French fry color was measured using a NDK color meter Tokyo, Japan, Model NE4000 and the Hunter color scale system. Color was expressed as L* lightness , a* redness and b* yellowness values. The smoke point was measured by the smoke point tester SP 10, Ultra Tech Korea, Seoul, Korea . The operation was carried out by heating at 1 initial heating: 14-17 /min, 2 30-40 ahead of expected smoke point: 5-6 /min. The smoke point assessment was measured in triplicate.
Analysis of frying oil free fatty acids
The fatty acid composition of the oils was determined using a gas chromatograph Agilent, 6890N Model, Palo Alto, CA, USA with a flame ionization detector and a DB-5 column 25 m 0.32 mm i.d, 0.52 um film thickness, J&W Scientific, Folsom, CA, USA , according to methodology reported previously 21 . The temperature program was from 140 to 220 for 5 min with a 5 /min gradient. The carrier gas was helium, flowing at 1.0 mL/min with a split ratio of 10:1. The injector temperature was 250 and detector temperature was 260 with air flow of 300 mL/min and nitrogen flow of 30 mL/min, respectively. 2.2.6 DPPH measurement The free radical scavenging activities of frying oil samples were evaluated by their ability to stabilize the 2, 2, diphenyl-1-picrylhydrazyl radical 22 . The UV-VIS spectrum shows a maximum absorbance at 517 nm in methanol. A 5 μL frying oil sample was mixed with 5 μL of 0.1 mM DPPH in methanol in a 20 mL test tube. After standing for 20 min in the dark, the absorbance of the each sample was measured using UV-VIS spectrophotometer Model UV-1800, Shimadzu, Tokyo, Japan .
Sensory evaluation
Forty panelists evaluated the oils on a 9-point scale. The parameters used for preference test were total acceptance, appearance, flavor, taste, and texture acceptance. Six kinds of samples were given to one panelist in one session. A sensory descriptive analysis was applied to measure the odor and flavor impressions of the fried samples. All samples were coded from a table of random numbers.
Data were analyzed using the Statistical Analysis System software package SAS Institute, Cary, NC, USA . Significant differences between means were determined by Scheffe s test. A p-value 0.05 was considered significant.
Results and Discussion
Analysis of AV and POV
Figures 1 and 2 show the effect of frying time on the AV and POV of each frying oil. Gradual increases in the values were observed when frying the oil samples according to number of frying times. After 50 frying times, the AVs of the 3:7 Ca: Pa blended oil and palm oil were 0.68 mg KOH/g and 0.75 mg KOH/g, respectively. The blended oils had a relatively lower AV compared to that of palm oil. Especially, the 5:5 Ca: Pa blended oil showed the most stable AV among blended oils. As shown in Fig. 2 , the final POV of palm oil was as high as 79.9 meq/kg, whereas the initial and final POVs of canola oil were 18.9 meq/kg and 48.2 meq/kg, respectively. The 4:6 Ca: Pa blended oil had a significantly different POV ranging from 22.9 meq/kg to 128.3 meq/kg. In contrast, the 3:7 Ca: Pa blended oil had a relative oxidative stability of from 24.2 meq/kg to 70.7 meq/kg.
Fatty acid composition of frying oil
Changes in fatty acids of oils and blended oils by the number of frying times are given in Table 1 . The unsaturated fatty acid UFA content 85.61 of canola oil was the highest, particularly, oleic acid, linoleic acid, and linolenic acid were 55.18 , 18.00 and 12.43 after frying 50 times. Furthermore, the ratio of unsaturated to saturated fatty acids U/S ratio of canola oil was 11.39. Conversely, the UFA content of palm oil was obviously lower in saturated fatty acids SFA and the U/S ratio was 0.96. The UFA content was higher for the five types of blended oils than palm oil after frying 50 times and difference of the U/S ratio also indicated a low variation as frying time increased.
Analysis of smoke point, color, and viscosity
The smoke point, color, and viscosity of frying oil samples are summarized in Table 2 . The smoke point of canola oil was the highest among the samples, whereas palm oil was 210 . The value was comparatively lower than that of the blend oils such as 3:7 Ca: Pa and 4:6 Ca: Pa blended oils. The smoke points of 3:7 Ca: Pa and 4:6 Ca: Pa blended oils were 228 and 229 , respectively. During frying the color parameters L* of soybean oil ranged from 95.96 to 90.03 and they varied the least. The a* value of each frying oil was not significantly different during frying except on canola oil, soybean oil, and sunflower oil. Color changed from red to green rapidly in the case of canola oil, soybean oil, and sunflower oil. At the frying 50 times with potatoes, viscosity values of 27.9 and 29.4 were obtained for soybean oil. In contrast, the viscosity of sunflower oil increased rapidly as frying time increased. Although the 3:7 Ca: Pa blend oil had a relative high viscosity initially, it increased less 32.2 to 34.0 .
DPPH radical scavenging capacity
High free radical scavenging capacity is considered high antioxidant activity and the radical scavenging capacity of each frying oil sample was carried out by observing the reduction in absorbance at 517 nm 23 . The absorbance of DPPH from frying oils is shown in Table 3 . The absorbance values of DPPH in canola oil were 58.21 and 38.39 after frying 0 times and 50 times, respectively. However, the absorbance values of palm oil were 44.07 and 14.76 , indicating that palm oil had lower oxidative stability. The absorbance of DPPH in the blended oils, particularly 4:6 Ca: Pa and 6:4 Ca: Pa blended oils, were 30.56 and 37.14, respectively. These results show that blended oils containing more canola oil increase the DPPH radical scavenging capacity. In previous study, total concentrations of tocopherols in canola, palm, soybean, and sunflower oil were 520, 382, 974, and 698 ppm, respectively 24 . Since Table 1 Fatty acid compositions of various oils including blended oils according to the number of frying times.
Quality evaluation of nobel blended oil
canola oil has more tocopherols than palm oil, its radical scavenging activity is stronger than palm oil.
Sensory evaluation test
The results of the sensory evaluation are listed in Table  4 . Among all blended oils in this study, two of them were selected considering oxidative stability, acid value, smoke point etc. They were 3:7 Ca: Pa and 4:6 Ca: Pa blended oil. Palm, canola and soybean oil were used as a control. The 4:6 Ca: Pa blended oil 5.6 received the most points overall and for appearance with raw potatoes followed by the 3:7 Ca: Pa blended oil. Furthermore, no significant difference was observed between 4:6 Ca: Pa blended oil and 3:7 Ca: Pa blended oil. Generally, the 3:7 Ca: Pa blended oil was the most highly preferred oil among the five different frying oils followed by the 4:6 Ca: Pa blended oil, palm oil, soybean oil and canola oil. Palm oil received the highest score 5.7 for frying potatoes followed by 3:7 Ca: Pa blended oil 5.5 ; however, no significant difference was observed between the two samples. Palm oil was the most superior and suitable oil for frying potatoes, and the 3:7 Ca: Pa blended oil had similar quality.
Conclusion
This study has shown that blends of canola oil and palm oil strongly affected oxidation stability during frying, indicating that blended oil was superior to palm oil. Repeated frying and heating led to considerable increase in the viscosity of oils; however, the blended oil had increased less than palm and sunflower oil. The blended oil compensated for the high smoke point of the individual oils. As a result of the sensory evaluation of raw and frying potatoes, the 3:7 Ca: Pa blended oil produced excellent flavor, taste, texture, compared to those of the other frying oils. Therefore, the 3:7 Ca: Pa blended oil was considered an alternative oil for frying potatoes that would be preferred by consumers. 
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